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Abstract
Existing research on the predator cue circuit has indicated there are observed differences
between sexes of animals either directly or indirectly exposed to a predator stimulus. Exposure
increases predator directed attention, and overrides other motivational systems (hunger, pain,
reproductive behavior). Little research has explored whether exposure to predation is associated
with differential responses to non-predator related decision-making across a variety of tasks.
Therefore, understanding the prioritization of motivational states when a predator stressor is
present can aid in understanding sex differences in these processes in both adaptative and
maladaptive conditions. To determine how repeated exposure to a predator stressor differentially
affects effort-based decision-making and fear-based behavior, a visual predator stressor in the
form of a 3D realistic owl was utilized. Predation exposure was accomplished by plunging a
decoy owl into an open foraging area until a total of nine exposures had been achieved.
Following the final exposure to the owl stimulus, subsequent changes in effort-based decision
making, and anxiety-like behavior were tracked across two days utilizing the Effort-Based
Choice T-maze, Elevated Plus Maze (EPM), Marble Buying, and Defensive Withdrawal Tests.
Results indicated that when not accounting for sex, predator exposed rats displayed significant
reductions in effort-related choice behavior. Accounting for sex differences, female owl exposed
rats, displayed significant reductions in effort-related choice behavior, but this difference was not
observed in males. In stress related measures, male owl exposed rats displayed significant
increases in fear-related behavior. These findings suggest that rodents exposed to a predator
stimulus are differentially affected compared to controls following simulated predator
exposure. Implying that male and female rodents may utilize different behavioral strategies when
threatened by a repeated predator stimulus.

Research Proposal Background
The innate fear of predation stimuli is an adaptive and essential evolutionary defense mechanism
that has regulated the continual survival of animals and humans (Kim & Jung, 2018; Pellman &
Kim, 2016). Rosen and Schulkin, define fear as an emotional state triggered by expectations
and/or encounters with stimuli deemed threatening to the organism, motivating defensive
behavior if the threat is imminent (Rosen & Schulkin, 1998). The predation cue circuit guides
and enacts fear-related and defensive behaviors by responding to incoming olfactory, auditory,
nociceptive, and visually threatening sensory cues (Kim & Jung, 2018; Silva et al., 2016).
According to Fanselow and Lester’s 1988 Threat Imminence Continuum model, the behavior
enacted by this circuit changes whether the perceived threat is detected, proximal to the animal,
or is attacking; the main goal of enacted behavior is to push the threat level down the continuum
(Mobbs & Kim, 2015). Current neuroethological fear paradigms have suggested that prey
animals display an apprehension gradient of defensive behaviors depending on if the threat is
potential, distal, or proximal, ranging from no interest in the predator stimuli to a total
preoccupation with the predator. Defensive states enacted by this circuit increase predator
directed attention, and overrides other motivational systems (hunger, pain, reproductivebehavior) which may interfere with escape behaviors and survival (Mobbs & Kim, 2015;
Kavaliers & Choleris, 2001).
This predator based defensive state leads to alterations in foraging and mating based decisionmaking, as animals make sacrifices to food quality, food availability, feeding rate, reproductive
capability, and mate-seeking behaviors. For example, research on mate selection indicates that
both male and female animals will decrease efforts put towards discriminating between potential
mates as predation risk increases (Kavaliers & Choleris, 2001). As a result of predator stress,

animals display increases in arousal, avoidance, anxiety-like behaviors, and impairments to
short-term memory, consolidation, and retrieval (Park et al., 2008; Bhattacharya et al., 2019).
Studies on prolonged stress indicate that direct exposure to predators or to predator cues can
induce a sustained stress response. Following predator exposure, rodents display phenomena
associated with Post-Traumatic Stress Disorder (PTSD), such as heightened glucocorticoid
levels, changes in gene expression, and increases in anxiety-like behavior, CRH, and increases in
dendritic spine length within the amygdala (Bhattacharya et al., 2019). Rats repeatedly exposed
to a live predator stressor in the form of a ferret exhibited behavioral deficits commonly
associated with PTSD, comprising an exaggerated startle response and deficits in prepulse
inhibition (Rajbhandari et al., 2015). Underlying these deficits in behavior was an increased
sensitization of noradrenergic (NE) receptors in the Basal Lateral Amygdala (BLA) (Rajbhandari
et al., 2015). This effect was found to remain significant for a minimum of 28 days following
predator-stress exposure, suggesting that repeated exposure to predator-stress leads to plasticity
changes in the BLA.
Prior research on chronic stress has indicated that rodents subjected to prolonged stress, in
addition to changes in stress related signaling, also experience cognitive deficits in the form of
disrupted executive functioning, reward processing, and motivation for food rewards in effortful
tasks (Álvarez, 2021; Dieterich et al., 2020). For example, in a Y-Maze barrier task, measuring
effort-related choice behavior, male mice displayed reduced preference for the high-effort/highreward arm compared to the low-effort/low-reward arm following repeated administration of the
stress hormone cortisol (Dieterich et al., 2020). Therefore, understanding the neural circuits
involved in the prioritization of motivational states when a predator stressor is present can aid in

understanding these processes in both adaptative (e.g. escaping from imminent threat) and
maladaptive (prolonged stress) conditions.
The Basal Lateral Amygdala (BLA) is an important region implicated in effort-based decision
making, conditioned fear, and crucially, predator-based fear (Floresco & Ghods-Sharifi 2007;
Gross & Canteras, 2012). The BLA is proposed to consolidate and assign affective values to
incoming environmental sensory information from a variety of cortical and subcortical afferents
onto glutamatergic projection neurons. Sending unidirectional excitatory signals to nucleus
accumbens, dorsomedial striatum, central amygdala, and the bed nucleus of the stria terminalis,
allowing for the relay of information to downstream structures that guide and express a variety of
fear-related, effort-related, or more generally, affective behaviors (Zeng et al., 2021; Wassum &
Izquierdo, 2015). Of these downstream structures both the nucleus accumbens and dorsomedial
striatum are implicated in action selection, goal directed instrumental learning, and in regulating
motivational behavior.
In studies on both humans and rodents, amygdalar lesions have been found to affect performance
on decision making tasks (Choi & Kim, 2010; Floresco & Ghods-Sharifi, 2007). For example,
research on humans has indicated that individuals with bilateral amygdalar lesions due to
Urbach-Wiethe disease, show decreased loss aversion in gambling tasks (Choi & Kim, 2010).
The BLA has also been implicated in effort-related choice behavior. Following training on an
effort-based decision-making climbing task where rats are presented with a "high" reward of 4
pellets behind a 30 cm barrier or a "low" no barrier reward of 2 pellets, inactivation of the BLA
caused rats to display significant reductions in their preference for the high reward arm (Floresco
& Ghods-Sharifi, 2007).

The BLA is implicated in a wide variety of choice behavior, but additionally it has been
implicated in fear learning. With past research indicating that lesions or pharmacological
inactivation of this region prevents both the acquisition and expression of fear-based behavior in
both response to conditioned stimuli paired with pain (like foot shock) and in conditioned fear of
predator stimuli (Gross & Canteras, 2012). For example, prior research conducted by Choi and
Kim in 2010, using a predator cue in the form of a surging predator-like robot with a moving
jaw, tail, and eyes, found that rats with amygdalar lesions failed to enact predator based
defensive behavior (freezing or fleeing) in response to the threat. Fight or flight behavior is
dependent on several important context related factors.
With past literature suggesting that sex differences play a role in the enactment and maintenance
of fear-related behavior. For example, female rodents display increases in reactivity to predatorbased cues compared to their male counterparts (Adamec et al., 2005; Adamec et al., 2006;
Scholl et al., 2019; Zambetti et al., 2019). A 2019 study by Zambetti et al., found that female
Long Evan’s rats exhibited greater baseline anxiety levels and a greater resistance to entering the
open arena to retrieve a food pellet placed at 100cm. Following repeated exposure to a visual
surging predator stimulus in the form of a 3D owl, female rats developed stronger contextual fear
memories with a greater resistance to extinction compared to their male counterparts (Zambetti
et al., 2019). In both humans and mammals’ changes in hormonal levels are associated with both
the development and extinction of fear memories. High levels of the sex hormone progesterone
at the time of exposure to trauma is linked to the development of post-traumatic stress disorder
(PTSD) and anxiety disorders. This is believed to be due to the excitatory effect progesterone has
on the neurological processes underlying long term memory. Additionally past research has
indicated that oestradiol helps to regulate the stress response and the mechanisms of brain-

derived neurotrophic factor (BDNF), synaptogenesis, and spinogenesis (Falconer & Galea, 2003;
Ney et al., 2019). Suggesting that increases in circulating oestradiol decreases the expression of
defensive-related behavior in response to a predator odor stimulus (Falconer & Galea, 2003).
During re-exposure to a fear inducing stimuli, low levels of the sex hormone oestradiol hampers
both natural and therapeutic reductions in anxiety due to impairments seen in the molecular
consolidation of memories tied to fear-extinction (Ney et al., 2019).
Little research has explored whether exposure to visual predation is associated with differential
responses to decision-making across a variety of tasks, and it remains currently unknown
whether imminent threats such as exposure to a realistic predator can alter the neural circuits
within the BLA that contribute to other forms of decision-making. In order to address this, the
present study will investigate sex-based differences in fear behavior, and effort-based decisionmaking following exposure to a biologically relevant visual predator stimulus.
Hypotheses
•

Following repeated exposure to a visual predator we predict that we will detect

significant differences in anxiety levels. Based on previous literature, we also predict that
we will see a sex differences in rat anxiety levels following exposure to a visual predator.
•

Following repeated exposure to a visual predator stimulus we expect to detect a

significant shift in the amount of effort the animal is willing to exert for a food reward.

Materials and Methods
Animals
Ten female and ten male Long-Evans Rats from Envigo Labs were individually housed in a
humidity-controlled room and maintained on a reverse 12-hour light-dark cycle. All
experimental procedures were approved by the Institutional Animal Care and Use Committee at
Seattle Pacific University (protocol 202122-02-R). After a minimum of 5 days following entry
into the lab, rats were given daily handling and placed on a food restriction schedule to 85% of
their free-feeding weight with ad libitum access to water. Once rats reached target weight, they
began habituation training in a plexiglass maze.
Apparatus and Training
Predator Stressor Arena
Rats were placed into a custom-built open field arena which included a safe nesting area (30.5cm
L x 60cm W x 60.96cm H) with an experimenter-controlled gate that led into a larger foraging
arena (123cm L x 60cm W x 60.96cm H). A blackout curtain was placed 75cm from the safe
nesting area to conceal a 3D owl replica (33” wingspan) that was manually controlled by the
researchers (Figure 1). Throughout the entire experimental process rats were maintained on the
food restriction schedule to 85% of their free-feeding weight.

Figure 1: The Owl Foraging Arena with owl, food pellet, and curtain. The curtain was mounted
75cm from the nest concealing the owl until it was ready to be plunged into the arena. Rats were
trained to attempt to retrieve the food pellet placed 100cm from the nest area.
Habituation: Rats were initially placed into the nest area with the door to the arena closed with
two food pellets (Teklad Global 18% Protein Rodent Diet) for 30 minutes for two days. To
acclimate the rats to eating within the predator stressor arena.
Foraging Training: Following two days of habituation to the safe nest box for ~30 mins, subjects
were placed in the safe nest area with a single food pellet before the gate was opened and they
were allowed to retrieve a second food pellet placed at 25cm. Following successful retrieval of

the pellet back to the nest area the door to the arena was closed and this marked the end of the
training session. This process was repeated with the pellet placed at increasing distances (25cm,
50cm, 75cm 100cm) from the safe nest area until the animal could successfully retrieve a pellet
placed at 100cm. Sessions were run up to twice daily.
Arena Testing: Video recording software was set up to record the initial latency to leave the nest
area and the number of times the rat exited the safe nesting area. Following the last foraging
training session rats from both the control and predator exposure groups were placed in the nest
area with a single food pellet. After the rat finished consuming this pellet the arena door was
opened to reveal a food pellet placed at 100cm. Rats were assigned to either the control or
predator exposure group.
Control Group: Five female rats and four male rats were assigned to the control group. On
testing days following consumption of the pellet in the safe nest box, the arena door was opened,
and the rat was given three minutes to retrieve the pellet placed at 100cm. This task was repeated
daily for a maximum of five sessions.
Exposure Group: Five female and five male rats were assigned to the exposure group. Following
consumption of the pellet in the safe nest box, the arena door was opened. When the rat entered
within 25cm of the food pellet a 3D realistic owl manually controlled was plunged into the arena.
Each rat was given a three exposures per session or a maximum of 3 minutes to retrieve the food
pellet. This process was repeated daily until the rats had reached a maximum of 9 owl exposure
sessions. If a rat made no attempts to retrieve the pellet, it was moved closer by 50cm and then
again to the 25cm distance to encourage attempts at retrieval.

Post-Exposure Testing Procedure
Twenty-four hours following completion of the predator stressor arena, rats were pseudorandomly assigned to a series of tasks including the Effort-Based Choice T-Maze to measure
changes in effort-related behavior and Elevated Plus Maze, Marble Burying Task, and Defensive
Withdrawal Test to measure changes in fear-related behavior. Forty-eight hours following testing
in the predator stressor these tasks were repeated in reverse order from the initial testing day.
Effort-Based Choice T-Maze: The Effort-Based Choice T-Maze was a plexiglass maze consisting
of four arms arranged in a plus shape with 15cm high walls. Each arm being 5.5cm in width and
60cm in length (Figure 2). During habituation training rats were placed in the center of the maze
and each arm was baited with two sucrose pellets (45 mg pellet, Bio Serve F0042), rats were
allowed to freely explore for a maximum of fifteen minutes. If a rat consumed all pellets within
the time limit this marked the end of a trial, the maze was rebaited, and the rat was placed back at
the center. Once a rat completed seven trials within fifteenth minutes for two consecutive days,
they were advanced to discrimination training.
Discrimination Training: During discrimination training rats were trained up to two sessions per
day to discriminate between two choice arms containing a low reward of one sucrose pellet or a
high reward of two sucrose pellets located in the north or south arm. The location of the high and
low reward was counterbalanced between both sexes of rats. Rats pseudo-randomly started in
either the east or west arm of the maze and were given free access to both the north and south
arms. A block was placed in front of the arm opposite to the starting arm (Figure 2). Once a rat
made a choice and consumed pellet(s) from either the north or south choice arms they were
removed from the maze, marking the end of a trial. In between trials rats were placed on their
cage top to the side of the maze while the maze was wiped down to remove odor cues and the

arms were rebaited. Rats were given 30 trials of this task per session until they chose the high
reward ≥80% of the time in the final 10 trials of a session for two successive sessions. Rats that
achieved this were then progressed to the next stage of the training, where a 15cm barrier was
introduced and placed in the same arm containing the high reward of two pellets. This condition
was used for this stage and all subsequent stages, as rats progressed to a 20cm and finally a 30cm
barrier. Rats were ready to start predator stressor arena exposure if they achieved at least two
consecutive sessions of 80% high reward choice with the 30cm ramp in place. If a rat was unable
to achieve two consecutive sessions of ≥80% for 15 or more sessions, they were kept at that
stage in the final testing procedure and were progressed to the predator stressor arena.
During the final testing procedure rats were kept at the stage they achieved prior to testing
predator stressor arena. Performance across all 30 trials was recorded and analyzed across both
post-exposure testing days.

Figure 2: Behavioral training procedure for the Effort-Based Choice T-maze. Rats were trained
in a series of four stages requiring the rat to choose the HR arm at least 80% of the time for two
consecutive sessions (0cm, 15cm, 20cm, 30cm ramp).

Elevated Plus Maze: The elevated plus was constructed of wood elevated 62.23 cm from the
floor. It consisted of two open arms measuring 47cm x 10cm and two closed arms which crossed
at a right angle measuring 68. 28cm x 9.5cm. The closed arms were encased in walls measuring
32 cm high (Figure 3). During testing, rats were placed into the center of the maze facing an
open arm and allowed to explore for 5 minutes. Overhead video recording software was set up to
record the number of times the rat placed all four paws within open or closed arms, and the total
amount of time spent in open or closed arms.

Figure 3: The Elevated Plus Maze, rats were placed in the center of the maze facing an open
arm. Number of open/ closed arm entries and time spent in open/ closed arms was recorded for
five minutes.

Defensive Withdrawal Test: The Defensive Withdrawal testing arena was constructed using a
plastic tub measuring 110.5 cm x 30.8 cm x 33cm. A 280-lumen light illuminated the arena. At
the start of testing rats were placed inside of a wooden hide and given ten minutes to explore the
arena and hide (Figure 4). Overhead video recording software was set up to record the initial
time taken to leave the hide defined as all four paws outside the hide, total time spent withdrawn
inside the hide, and the number of times the rat exited the hide.

Figure 4: The Defensive Withdrawal Test, rats were placed in the entrance of the wooden hide.
Number of exits from the hide, initially latency to leave the hide, and time spent withdrawn was
recorded for ten minutes using video recording software.

Marble Burying Task: The marble burying test was conducted in a housing cage made of clear
plexiglass 35.5cm x 26.4 cm x 38.1 cm. Three cm of corn husk bedding was evenly distributed
on the bottom of the apparatus, and twenty glass marbles were placed on top of the bedding
arranged in five rows of four (Figure 4). Rats were placed into the testing arena for twenty
minutes and overhead video recording software was set up to record the total amount of time
engaging in rearing behavior, interactions with the glass marbles, burying/ digging behavior, and
grooming behavior. After 20 minutes rats were removed from the arena and the percentage of
marbles at least 2/3rd buried were counted.

Figure 5: The Marble Burying Test, rats were placed in the center of the arena with twenty
marbles arranged in a 5x4 grid on top of 3cm of corn cob bedding. Number of marbles buried,
and time spent interacting with marbles, grooming, burying, and rearing was recorded for
twenty minutes.
Analysis
Statistical analyses were conducted using JASP v 0.16.2.0 (JASP Team, 2022). Data
visualizations were constructed using Excel for Windows Version 2206 Build 16.0.15330.20260.
Figures were prepared using AutoDesk Sketchbook for Windows.

JASP (0.16.2.0) was used to determine if tests of assumptions were met. Levene's test and
Shapiro-Wilk’s indicated deviations from these assumptions on several measures. Welch’s
independent samples t-test was used to analyze differences in performance across day 1, day 2,
and the mean performance on all of the above measures related to sex and predator exposure.
Results
Acquisition
One rat failed to meet acquisition criteria in the Effort-Based Choice T-maze, and as such was
excluded from the study’s results.
Effort-Based Choice T-Maze
To determine if impairments in effort-based behavior following exposure to a predator stressor
was affected by the sex of the animal, two separate analyses were run using Independent
Samples T-Tests. Assumptions of equality of variance were met, but a Shapiro-Wilk’s test
indicated there was a significant deviation from normality, so Welch’s Independent Samples ttest was utilized. No significant sex differences were found for this test (p>.05).
Combining both sexes of rats indicated that owl exposed rats exhibited significantly impaired
performance in the Effort-Based Choice T-maze twenty-four hours after owl exposure [t(16)=
2.172, p<.05]. This same impact to effort-based performance was not replicated on day two of
post-exposure testing [t(13)= .714, p= .487] or in the rats mean performance across both days
[t(15)= 1.647, p=.12] (Table 1). However, a non-significant trend for owl exposed rats to display
impaired performance in the Effort-Based Choice T-Maze was found across both day two of post
exposure testing and in the rats mean performance (Figure 6).

Figure 6: Average performance in the Effort-Based Choice T-Maze comparing control rats’
performance to owl exposed rats. A significant decrease in effort performance was seen in owl
exposed rats on day 1 of post-exposure testing. Non-significant decreases were observed on the
second day of testing.
Independent sample t-tests indicated that for female rats the mean effort performance across both
testing days was significantly affected by exposure to the visual predator stimulus [t(7)=3.532,
p<.05]. Looking at individual day differences, effort-based performance was not significantly
affected twenty-four hours following predator exposure [t(5)= 2.213, p= .070]. A statistically
significant effect on effort-based performance was found forty-eight hours after predator
exposure [t(5)= 4.196, p<.05] (Table 2; Figure 7). A non-significant decrease in effort

performance on day 1 was found for female owl exposed rats compared to female controls
(p>.05) (Figure 7).
Analysis of male rat performance on the Effort-Based Choice T-Maze revealed that predator
exposure had no significant effects on mean effort performance [t(5)= -0.253, p=.809], or on
individual day performance on day one [t(3)= 0.647, p= .554] or day two [t(6)= -0.572, p= .588]
of post exposure testing (Table 3; Figure 7).

Figure 7: Average performance in the Effort-Based Choice T-Maze comparing sex and exposure
differences. A significant decrease in effort performance was observed for female owl exposed
rats on day 2 and in the mean across both testing days. A non-significant decrease in effort
performance was also observed when looking at female rats’ performance on day 1.

Table 1:
(Exposure-Condition) Both Sexes Independent Samples T-Test Results
t
df
p
E PD 1
2.172
16.253
0.045
E PD 2
0.714
13.666
0.487
E M Effort
1.647
15.438
0.120
Note. Welch's t-test. A significant finding was founds when looking at exposure differences on
testing E PD 1
Table 2:
(Exposure-Condition) Female Rats Independent Samples T-Test Results
t
df
p
E PD 1
2.213
5.800
0.070
E PD 2
4.196
5.000
0.009
E M Effort
3.532
7.453
0.009
Note. Welch's t-test. Female rats displayed significant decreases in effort compared to controls
on E PD 2 and in E M Effort.

Table 3:
(Exposure-Condition) Male Rats Independent Samples T-Test Results
t

df

p

E PD 1

0.647

3.882

0.554

E PD 2

-0.572

6.160

0.588

E M Effort

-0.253

5.863

0.809

Note. Welch's t-test. No significant differences were found when comparing effort
performance of male owl exposed to male control rats.

Elevated Plus
To examine whether exposure to a visual predator stimulus significantly affected anxiety-like
behavior in the elevated plus between the sexes of rats, analyses examining time spent in open/
closed arms and number of closed/open arm entries were run using Independent Samples t-tests.

Tests of normality were not met on several of the measures, so Welch’s Independent Samples ttest was run. No significant differences appeared when examining sex and exposure groups alone
(all p values, >.05).T
The Independent T-Tests for female rats comparing owl to controls, indicated that number of
open/ closed arm entries and time spent in open/ closed arms was not significantly affected
across any of the testing days by exposure to a visual predator stimulus (all p values, >0.05)
(Table 4). A non-significant trend was observed for female rats to make more entries into open
arms (Figure 8). Similarly results indicated that for these testing measures the mean number of
open/ closed arm entries and time spent in open/ closed arms across both testing days was also
not significantly affected for female rats (all p values, >0.05) (Table 4). Female owl exposed rats
displayed a non-significant trend to spend more time in open arms compared to female control
rats (p>.05) (Figure 9).

Figure 8: Number of open arm entries by sex and exposure condition in the Elevated Plus Maze.
A non-significant trend was observed for female owl exposed rats to make more open arm entries
compared to female controls and male owl exposed rats.

Figure 9: Time spent in open arms by sex and exposure condition in the Elevated Plus Maze.
there was a non-significant trend for female owl exposed rats to spend more time in open arms
when compared to male owl exposed rats and female controls.
The independent t-test results for male rats comparing control rats to owl exposed rats exhibited
similar results (Table 5). With results indicating that across both of the individual testing days
and the mean of testing days the number of open/ closed arm entries and time spent in open/
closed arms was insignificant, (all p values, >0.05).
Table 4:
(Exposure-Control) Female Rats Independent Samples T-Test Results
t
df
p
EL Number of Open Arm Entries 1
-0.522
7.854
0.616
EL Number of Closed Arm Entries 1
0.104
5.938
0.921
EL Time Spent in Open Arms 1
-0.869
7.816
0.411
EL Time Spent in Closed Arms 1
0.618
7.988
0.554
EL Number of Open Arm Entries 2
-1.250
7.999
0.247
EL Number of Closed Arm Entries 2
-0.646
5.231
0.546
EL Time Spent in Open Arms 2
-0.929
8.000
0.380
EL Time Spent in Closed Arms 2
1.133
7.073
0.294
EL M Open Arm Entries
-1.001
7.633
0.348
EL M Closed Arm Entries
-0.406
7.993
0.695
EL M Time in Open Arms
-1.005
7.350
0.347
EL M Time in Closed Arms
1.016
7.948
0.339
Note. Welch's t-test. No Significant differences were found for female rats looking at open/
closed arm entries or time spent in open/ closed arms across any of the testing days.

Table 5:
(Exposure-Control) Male Rats Independent Samples T-Test Results
t
df
p
EL Number of Closed Arm Entries 1
0.045
5.504
0.966
EL Number of Open Arm Entries 1
-0.026
4.480
0.980
EL Time Spent in Open Arms 1
-0.140
5.592
0.893
EL Time Spent in Closed Arms 1
0.383
5.722
0.715
EL Number of Open Arm Entries 2
1.826
6.172
0.116
EL Number of Closed Arm Entries 2
0.177
6.355
0.865
EL Time Spent in Open Arms 2
1.791
6.935
0.117
EL Time Spent in Closed Arms 2
-1.335
6.871
0.224
EL M Open Arm Entries
0.840
6.212
0.432
EL M Closed Arm Entries
0.115
6.909
0.911
EL M Time in Open Arms
0.889
6.752
0.404
EL M Time in Closed Arms
-0.582
5.751
0.583
Note. Welch's t-test. No Significant differences were found for male rats looking at open/ closed
arm entries or time spent in open/ closed arms across any of the testing days.

Figure 10: Number of closed arm entries by sex and exposure condition in the Elevated Plus
Maze. Female control rats displayed a non-significant trend to make less closed arm entries on
day two of testing compared to male control rats.

Figure 11: Time spent in closed arms by sex and exposure condition in the Elevated Plus Maze.
A non-significant trend for female owl exposed to spend less time in closed arms than female
controls was observed across both testing days.
Defensive Withdrawal Test
To further examine whether exposure to a visual predator stimulus significantly affected anxietylike behavior in the Defensive Withdrawal Test between two sexes of rats a series of
Independent Samples T-Tests were utilized to examine the initial latency to leave the wooden
hide, the number of times rats exited the hide, and the amount of time rats spent withdrawn in the
hide. Tests of assumptions were not met on several of the measures and as such, Welch’s
Independent Samples T-Tests were utilized. When not accounting for exposure condition, no
significant sex differences were found in these variables (all p values, > .05).
Without accounting for sex, examining differences in control rats and visual predator exposed
rats Independent Samples T-Test results indicated that time spent withdrawn in the hide, and
number of exits into the arena were insignificant across both the individual testing days and the
mean of the testing days (p> .05) (Table 6). An analysis of the mean latency across both testing
days revealed that owl exposed rats displayed significant increases in their initial latency to leave
the hide [t(16)= -2.327, p<.05)] (Figure 12). This same effect was not seen in the latency to leave
the hide on day one [t(12)= -1.369, p=.195] or on day two of post exposure testing [t(16)= -

1.690, p= .110] (Table 6), but across both testing days owl exposed rats displayed nonsignificant increases in their initial latency to leave the hide (Figure 12).

Figure 12: Average latency to leave the hide by exposure condition in the Defensive Withdrawal
Test. A significant increase in latency to leave the hide was observed in the mean across both
testing days. But non-significant increases in latency was observed on day 1 and 2.
Independent Samples T-Tests indicated that for female rats’ exposure to a visual predator
stimulus did not significantly affect latency to leave the wooden hide, time spent withdrawn in
the hide, or the number of exits a rat made from the hide (p> .05). Similarly, when taking the
mean performance across both testing days latency, time spent withdrawn, and the number of
exits from the hide was not significantly affected (p> .05) (Table 7). However, female owl
exposed rats did display a non-significant trend to increase their initial latency to leave the hide
compared to controls across both testing days (Figure 13).

Figure 13: Average latency to leave the hide by exposure condition and sex in the Defensive
Withdrawal Test. A significant increase in latency was observed in male owl exposed rats mean
latency across both testing days. Non-significant increases were observed on the male rat’s
latency on day 2 and on both testing days in female rats.
T-Test results for the mean latency across both testing days also indicated male owl exposed rats
also displayed increases in the amount of time they took to leave the hide [t(4)= -2.824, p<.05]
(Figure 13). There were no significant differences when look at latency to leave the hide on day
one [t(6)= -1.241, p= 0.265] or on day two of post exposure testing [t(4)= -2.296, p= 0.083]. On
day two of post exposure testing, however, a non-significant trend for male owl exposed rats to
increase their latency to leave the hide was discovered (Figure 13). Analysis of male rats’ results

using Independent Samples T-Tests indicated that male rats exposed to a visual owl stimulus
exhibited significant increases in the amount of time they spent withdrawn in the hide forty-eight
hours following their final exposure [t(4)= -3.320, p< .05] and in their mean time spent
withdrawn within the hide across both testing days [t(5)= -2.642, p<.05] (Figure 14). There was
no effect of predator exposure on the number of times male rats left the wooden hide on either of
the individual testing days or the mean of the testing days (p> .05) (Table 8; Figure 15).

Figure 14: Average time spent withdrawn in the hide by sex and exposure condition in the
Defensive Withdrawal Test. Significant increases in time spent in hide was observed for male
owl exposed rats on testing day two and in the mean withdrawn time across both testing days. A
non-significant trend for male owl exposed rats to spend more time in the hide than female owl
exposed rats was observed on testing day two.

Defensive Withdrawal Exits into Arena by Exposure Condition
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Figure 15: Average number of exits from the hide into the arena by exposure condition and sex
in the Defensive Withdrawal Test. No significant differences were observed comparing owl
exposed rats to controls for either male or female rodents.
Table 6:
(Exposure-Control) Both Sexes Independent Samples T-Test Results
t
df
p
DW Latency
-1.369
12.512
0.195
DW in Hide 1
-0.309
16.721
0.761
DW exits into arena 1
-0.166
16.742
0.870
DW Latency to Leave 2
-1.690
16.611
0.110
DW in Hide 2
-1.895
16.187
0.076
DW exits into arena 2
-0.496
16.739
0.626
DW M Latency
-2.327
15.929
0.033
DW M in Hide
-1.324
16.990
0.203
DW M Exits into arena
-0.242
16.348
0.812
Note. Welch's t-test. DW M Latency across both session days was significantly increased in owl
exposed rats compared to controls.

Table 7:
(Exposure-Control) Female Rat Independent Samples T-Test Results
t
df
p
DW Latency
-1.241
5.476
0.265
DW in Hide 1
0.507
7.997
0.626
DW exits into arena 1
0.422
7.991
0.684
DW Latency to Leave 2
-0.692
7.303
0.510
DW in Hide 2
0.264
5.354
0.802
DW exits into arena 2
-0.221
7.883
0.831
DW M Latency
-1.574
7.071
0.159
DW M in Hide
0.440
6.609
0.674
DW M Exits into arena
0.174
7.894
0.866
Note. Welch's t-test. No significant differences between female owl exposed rats compared to
controls.

Table 8:
(Exposure-Control) Male Rat Independent Samples T-Test Results
t
df
p
DW Latency
-1.316
6.802
0.231
DW in Hide 1
-0.925
5.970
0.391
DW exits into arena 1
-0.631
6.775
0.549
DW Latency to Leave 2
-2.296
4.043
0.083
DW in Hide 2
-3.320
4.225
0.027
DW exits into arena 2
-0.544
6.206
0.606
DW M Latency
-2.824
4.479
0.042
DW M in Hide
-2.642
5.403
0.043
DW M Exits into arena
-0.630
5.601
0.553
Note. Welch's t-test. Male owl exposed rats displayed significant increases in DW M Latency.
Male owl exposed rats also displayed significant increases in time spent in the hide on DW in
Hide 2 and DW M in Hide.

Marble Burying
Examining whether exposure to a visual predator stimulus significantly affected anxiety-like
behavior in the marble burying test between two sexes of rats, a series of Independent Samples
T-Tests examined the, the time spent grooming, interacting with the marbles, digging in bedding,

rearing and the percentage of marbles buried at the end of the twenty-minute session. Tests of
assumption on several of the measures were not met, so Welch’s Independent Samples T-Test
was utilized to compare differences between groups. No significant differences were found when
looking at sex or exposure condition alone (p>.05).
No significant differences were detected when comparing female owl exposed rats to female
controls on marbles buried, time grooming, rearing, interacting with marbles, or digging/ burying
behavior (p>.05) (Table 9). On day one of post-exposure testing a non-significant decrease in
digging behavior was found when comparing female owl exposed rats to controls (p>.05) (Figure
16). A non-significant trend was discovered on day two of post-exposure testing as female owl
exposed rats displayed a non-significant decreases in their total time spent grooming (p>.05)
(Figure 17). Female owl exposed rats also displayed a non-significant increase in time spent
interacting with the marbles across both testing days (p>.05) (Figure 18).

Figure 16: Average time spent digging by exposure condition and sex in the Marble Burying
Test. Non-significant trends for rats to decrease burying activity were observed on day 2 for
male rats and day 1 for female rats.

Figure 17: Average time spent grooming by exposure condition and sex in the Marble Burying
Test. Male rats displayed non-significant increases in their time spent grooming across both

testing days. Whereas female rats displayed non-significant decreases in grooming behavior on
day 2.

Figure 18: Average time spent interacting with marbles by exposure condition and sex in the
Marble Burying Test. Non-significant increases were observed in the average amount of time
female owl exposed rats interacted with marbles compared to female controls and owl exposed
male rats.
Analysis of male rats’ behavior on these measures indicated that owl exposed male rats buried
significantly less marbles in the mean across both session days [t(6)= 2.599, p<.05] (Table 10;
Figure 19). Examination of active digging/ burying behavior indicated a trend for male owl
exposed rats to dig in the bedding less than male controls, but this was non-significant across the
mean and both testing days (p>.05) (Figure 16). A non-significant trend also appeared for time
spent grooming as male owl exposed rats displayed non-significant decreases in time grooming
across the mean and both testing days (p>.05) (Figure 17). Time spent interacting with marbles

and time spent rearing was found to be non-significant in Welch’s Independent T-Tests (p>.05)
(Table 10).

Figure 19: Percentage of marbles buried by exposure condition and sex. Male rats buried
significantly less marbles compared to male controls in the average across both testing days.
Non-significant decreases in the percentage of marbles buried was observed on day 1 and day 2
of testing for male rats.

Table 9:
(Exposure-Control) Female Rats Independent Samples T-Test Results
t
df
p
M Marbles Buried 1
0.122
7.615
0.906
M Marbles Buried 2
-0.854
7.814
0.419
M Mean Marbles
-0.589
7.998
0.572
MBTG 1
-0.522
7.994
0.616
MBTR 1
0.624
7.379
0.552
MBTD 1
1.699
4.622
0.155
MBTI 1
-2.049
4.572
0.101
MBTG 2
1.308
4.462
0.254
MBTR 2
0.186
7.659
0.857
MBTD 2
-0.519
6.847
0.620
MBTI 2
-0.817
7.933
0.438
M MBTG
1.206
5.229
0.279
M MBTR
0.490
7.231
0.638
M MBTD
1.174
5.430
0.289
M MBTI
-1.662
7.606
0.137
Note. Welch's t-test. No significant differences between female owl exposed rats compared to
controls.

Table 10:
(Exposure- Control) Male Rats Independent Samples T-Test Results
t
df
p
M Marbles Buried 1
1.961
4.999
0.107
M Marbles Buried 2
1.524
7.000
0.171
M Mean Marbles
2.599
6.999
0.035
MBTG 1
-1.747
4.842
0.143
MBTR 1
-0.407
6.893
0.696
MBTD 1
0.630
3.525
0.567
MBTI 1
0.983
6.974
0.358
MBTG 2
-1.541
4.543
0.190
MBTR 2
-1.168
4.151
0.305
MBTD 2
0.879
5.100
0.419
MBTI 2
0.998
4.062
0.374
M MBTG
-1.755
4.559
0.145
M MBTR
-0.880
4.784
0.421
M MBTD
0.853
4.037
0.441
M MBTI
1.120
5.372
0.310
Note. Welch's t-test. Male owl exposed rats buried more marbles in M Mean Marbles compared
to male control rats.

Figure 20: Average time spent rearing by exposure condition and sex in the Marble Burying
Test. No significant findings were found.
Discussion
Effort-Related Choice Behavior
The current study sought to determine if simulated predator exposure, caused differential effects
to fear and effort-related choice behavior between the sexes in Long Evans Rats. The major
findings in the present study revealed that repeated exposure to a predator stressor led to
reductions in preference for the high effort/high reward option when not accounting for sex. Past
research has suggested that rodents exposed to either acute or chronic stress display impairments
in spatial memory and reward-related motivation (Bryce & Floresco, 2016; Dieterich et al., 2020;
Hollon et al., 2015; Kleen et al., 2006; Shafiei et al., 2012). Rodents continually administered the
stress hormone cortisol, subjected to chronic restraint, or chronic social defeat stress, display
maladaptive shifts in effort-related choice behavior with reductions in preference for the high
effort/ high reward option (Dieterich et al., 2020; Kleen et al., 2006). When accounting for sex

differences, findings suggest that female owl exposed rats, but not male owl exposed rats display
significant impairments in this form of choice behavior. Female rats displayed a significant
reduction in mean effort related choice and effort-related behavior forty-eight hours after
exposure. A non-significant reduction in effort for female owl exposed rats was found twentyfour hours after exposure. Research on chronic stress has indicated that both female and male
rodents display similar significant reductions in effort-related choice behavior following
exposure to chronic social defeat stress (Dieterich et al., 2021). Little research to date has
explored the effects of repeated predator exposure on measures of effort-related choice behavior
in male and female rodents. Thus, the present findings are particularly interesting as past
research has indicated that female rodents display greater behavioral reactivity to predator cues,
with increased avoidance and anxiety-like behaviors (Adamec et al., 2005; Adamec et al., 2006;
Scholl et al., 2019; Zambetti et al., 2019). Suggesting that exposure to a strictly visual predator
stressor may differentially affect female rodents on the Effort-Based Choice T-Maze.
Measures of Anxiety
Additionally, the present study revealed that male and female rats may cope differently when
faced with a predator stressor. Findings from the Defensive Withdrawal Test indicate that male
owl exposed rats displayed changes in anxiety-like behavior in the Defensive Withdrawal arena
with significant increases in their mean latency to leave the hide across the mean of both testing
days, and a non-significant increase in their latency to leave the hide on day two of testing.
Results from male owl exposed rats also indicated significant findings for time spent withdrawn
in the hide on the mean across both testing days, and forty-eight hours after final predator
exposure. Female rodents did not display significant changes in behavior in the Defensive
Withdrawal Test, however, non-significant increases in time latency to leave the hide were

observed across both testing days. Past research has indicated that female and male rodents
display unique differences in this measure of anxiety-like behavior. Roman & Arborelius 2009,
found that when tested under a naturally aversive bright light condition (600 lx), male rats
displayed significant changes in anxiety-like behavior compared to female rodents with increases
in initial latency to leave the hide, time spent withdrawn in the hide, and number of entrances
into the hide. Suggesting that these sex-based changes in behavior likely are a result of different
behavioral strategies, as male rats display increased avoidance to the open arena whereas female
rodents exhibit increased locomotor activity possibly looking for an escape (Roman &
Arborelius, 2009).
This difference in behavioral strategies has been observed in the Elevated Plus Maze (EPM) and
Defensive Burying Tests. With past research on the EPM suggesting that female rats display
reduced anxiety-like behavior compared to their male counterparts with increases in both time
spent in open arms and total number of open arm entries (Knight et al., 2021; Scholl et al., 2019).
Male rats exposed to a live predator stressor displayed significant decreases in the time spent in
open arms in the EPM for up to three weeks post-exposure (Adamec & McKay, 1993; Adamec
& Shallow, 1993; Mechiel Korte & De Boer, 2003). Following exposure to a predator odor, male
rats displayed significant decreases in time spent in open arms for up to thirty-five minutes
following exposure, but this change in anxiety-like behavior was not seen twenty-four hours
following exposure (Zangrossi & File, 1992; Mechiel Korte & De Boer, 2003). Suggesting that
twenty-four hours following exposure to a mild predator stressor (like odor), male rodents do not
display significant increases in anxiety-like behavior within the elevated plus. Findings from the
present study suggested no significant sex or exposure-condition differences in the EPM. With
both male and female rodents failing to display significant changes in anxiety-like behavior

twenty-four or forty-eight hours after exposure to a visual predator stressor. Findings did indicate
that there was a non-significant trend for owl exposed females to make more open arm entries
compared to control females and owl exposed males. A non-significant trend also indicated that
female owl exposed rats tended to spend more time in open arms than control female or owl
exposed male rats. Albrechet-Souza et al., 2020, reported that following experience with a
predator odor stressor, female alcohol-experienced rats exhibited lower anxiety-like behavior and
increases in locomotor activity in the EPM compared to alcohol-experienced males, despite
displaying increases in circulating corticosterone. It should be noted that the findings from the
present study may be partially due to the similarities between our set up for the Effort-Based
Choice T-Maze and EPM tests, as past research has indicated that prior maze experience may
affect behavior in the EPM (Fernandes & File, 1996; Bertoglio & Carobrez, 2002).
Findings from the Marble Burying Test indicated that in the mean across both testing days male
owl-exposed rats displayed significant reductions in the total number of marbles buried and nonsignificant reductions on both day one and two of testing. Possibly underlying this behavior, owl
exposed male rats displaying non-significant reductions in active burying/ digging behavior and
increases in time spent grooming across both testing days, and female rats displaying nonsignificant increases in time spent interacting with the novel objects on both days of testing. Past
research on traditional measures of anxiety like the EPM, Acoustic Startle Response (ASR), and
Defensive Burying Test have suggested that female rats often display increases in locomotor
activity and overall reduction in anxiety-like behavior compared to their male counterparts
(Albrechet-Souza et al., 2020; Knight et al., 2021; Scholl et al., 2019). Findings from ASR have
suggested that while female predator odor exposed rats display increases in blood circulating
cortisol, they display significant decreases in ASR compared to unexposed females and predator

exposed males (Albrechet-Souza et al., 2020). Therefore, traditional measures of anxiety
developed using male rodents may be ineffective at detecting anxiety-like behavior in female
rodents (Albrechet-Souza et al., 2020; Knight et al., 2021; Scholl et al., 2019).
The findings of the present study suggest that following repeated exposure to a predator stressor
female rodents displayed significant decreases in effort-related performance whereas, male
rodents displayed increases in anxiety-like behavior in the motor-based Defensive Withdrawal
Test. These observed differences may be in part due to differences in reactivity to a predator
stressor between the sexes and in coping styles following exposure to a potential threat (Adamec
et al., 2005; Adamec et al., 2006; Scholl et al., 2019; Pooley et al., 2018; Zambetti et al., 2019).
Thus, evaluation of behaviors related to stress should consider that male and female rodents’
display distinct behavioral strategies following exposure to a predator stressor. As measures of
reward valuation like effort-based decision making, may be more valuable and translatable to
female animals than traditional motor-based anxiety tests when examining sex differences in
behavior following exposure to a stress inducing stimulus.
Limitations and Future Directions
The present study did not explore differences in anxiety and effort-based decision making
immediately following the rats final experience with the owl so there may be more apparent
differences immediately following exposure. Little research to date has explored the differences
in anxiety, effort-based choice behavior, and stress related behavior following exposure to a
strictly visual predator stimulus. It is also unknown how long these differences in behavior may
persist in response to a visual predator stressor. Following exposure to a live predator stimuli
Rajbhandari et al., 2015, reported that plasticity changes within the amygdala and changes in
anxiety-like behavior may persist for up to 28 days. Further exploration should be given into how

long sex-related differences in effort-related decision-making and anxiety-like behavior persist
following exposure to a strictly visual stimulus.
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